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Loi« t«r« varlctlcns of a pLanat«*y Bagaatlo flald ara ooa of tha faw 
obaanrablaa avallabla in tha atudy of planatary Intariors and dynaao thaory. 
Uhlla variations of tha gaonagnatio fiald hava baan aoeasaibla to diraot 
■aasuraaant fbr canturias. knouLadga of tha sacular variations of othar 
planatary dynaaos is liaitad. Mau liaits on Jovlaagnatic sacular variations 
ara found by coaparison of a Jovian intarnal fiald nodal (1) obtainad fV*aa tha 
Vbyagar 1 nagnatie field obsarvations at epoch 1979.2 with tha epoch 1974.9 
Piona«r 110^ aodal (2). No significant secular variation oi either tha 
aagnituda or position of tha Jovldipola is fbund for the years 1974.9 through 
1979.2 although a anall aartb-like variation cannot be ruled out. 

Long tarn (secular) variations of tha earth's nagnatie fiald hava been 
docia^ted for several hundred years, dating to observations of nagnatie 
declination in London by Ednund Gunter in 1622 and Henry Gallibrand shortly 
thereafter. A gradual decrease in the earth's dipole nonent at a rate of 
approxinately 5t per hundred years has been established froa observations of 
the gaonagnetlc field over the last 150 years (3). Less well established but 
still generally accepted is the slow westward drift of certain features cf the 
gacnagnetie field at a rate of about 0.1* or 0.2* longitude per year. Ind 
fron the palecnagnetic records it is well lcno%ei that the earth's dipole field 
has a rich history of wanderings and polarity reversals. The irregular and 
unpredictable switching of the geodipole occurs with varying frequency, a rate 
of Mvaral reversals per nillion years being typical of tha last 200 nillion 
years. 

Gacnagnetie sacular variations are an important source of information 
about the earth's deep interior and the dynamo presuned responsible for the 
gadnagnetic fiald (4,5,6). Within the context of modern dynamo theory, 
secular variations can provide constraints on material properties deep within 
tha planet's otherwise inaccessible interior. Comparative studies of 
planatary dynamos may prove invaluable in unraveling tha complexities of tha 
self-sustaining dynamo. Ihua the time history of Jupiter's planatary magnetic 
fiald is of great interest, especially since it represents the first real 
opportunity to observe sacular variations of a planatary dynmno other than tha 
earth's . 
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Th« first Indlrtct obssrvatlona of tho Jovian aagnotio fialo bogan with 
tba diaoovary of noo-tbtmaX radio aaiaaiona by Burka and Flraniclin (7) in 19S5 
and bava oontinuad to tba praaant (8)* Gontinuad obaarvationa of Jovian radio 
anisaions bava praeiaaly astabliahad tba rotation rata of tba planat and bava 
suffaatad tba poaaibility of aaoular variations of tba Joviaagnatio fiald. 
Barga (O) baa suggastad that tba 30| daoraaaa in Jupitar's intagratad flux 
danaity ooourring f^roai 1961 through 1973 aay possibly ba a raault of a 
daoraaaa in tba Jovian nagnatio dipola aoaiant. In uppar limit on tba 
variation of nagnatio fiald strangth batwaan apoohs i9f>7 to 1970 of about 
5S/yaar was obtainad fron obaarvationa of tba oiroular polsrization of 
daoiaatrio radiation (10). F1*aai obaarvationa of tba naxinua firaquancy of 
Jovian dacaiatric radiation, Alaxandar (J. K. Alaxandar, privata 
oonauaioations) eonoludas that tba nagnatio fiald magnituda at high northarn 
latitudas baa obangad by lass than 0.1% par yaar. Obaarvationa relating to 
tba inclination of tba Jovidipola vdtb raspaot to the planet's rotation axis 
have bean inter prated as evidanoa of a secular daoraaaa of the inclination 
angle by .07 ± .05 degrees par year (10) but bava not been confiraed (11). 

Ib situ observations of tba Jovin planetary nagnatio fiald are limited 
to the Pioneer 10 and 11 flybys at epochs 1973.9 and 1974.9 and tba Vb yager 1 
and 2 flyby enoountara at epooba 1979*2 and 1979* 5. Conpariaon of apharioal 
hamonic nodal a of the Jovinagnatio field obtained from the Pioneer 
observations (12) suggaated a decrease in the dipola nonant of </*6% during the 
intervening yaar. The daoraaaa was, however, attributed to other effects 
although the possibility of a aaoular change as large as 6% par year was 
explicitly not excluded (13). A preliminary Jovinagnetio field modal based on 
Vbyagar 1 observations (14) yielded a similarly reduced dipole moment 
attributed not to a secular decrease of the Jovian field but rather the 
presence of a large scale currant system in the Jovian magneto sphere. This 
azinutbally directed 'nagnatodiso' ourrant is confined to an equatorial 
annular disc extending from </* Rj (Jovian radii) to > 50 Rj (15) and appears 
to ba a pamanai t feature of tba voliailnoua Jovian nagnatospbara. The 

g 

relative oontribution of this ^ 3x10 A ourrant system to tba nagnatio fiald 
observed by llbyagar 1 near closest approach is greater than that of previous 
flybys by virtue of tba larger pariapsis of the Ibyager 1 encounter (4.9 Rj) 
relative to those of Pioneer 10 and 11 (2.6 and 1.6 Rj). 
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A sort rtcMt tstlaat* of tbo Joviaagnttlo flold hai boon obtalnod fV*oa 
tht Vbya|«r } obM^atlons (1) thrauih the um of ntw aodoling and Invbraion 
taetanlquaa (16) ahloh faoUltata tha aaparatlon of axtarnally ganaratad fialda 
frcB ttoM ganaratad within Jupltar'a oora. Tha Sotmidt noraallxad spharioal 
hamonio ooaffiolanta of this raoant \lbyagar 1 intarnal flald nodal ara listad 
in Tabla 1 along with sona pravloua aatlaatas obtainad fron tha Plonaar 11 
vaotor halltM (12) and fluxgata oagnatonatar obaarvationa (2). Tha paranatars 
whioh hwa no oorraaponding antry in tha VI liat ara not dataminabla fron tha 
Itoyagar 1 nagnatio fiald obaarvationa alona nd ara tharafbra not avail abla at 
apooh 1979.2. A ganaral agraanant anong tha Plonaar 11 and VI nodala la 
avidant, and tha corraapondanoa batwaan tha dipola tama of tha VI and 0^ 
nodala la particularly good. Ih what followa wo will raatriot our diaeuaaion 
to a oonpariaon of tha VI and Plonaar 11 0^^ nodal parniatar aatinataa and tha 
aaaociatad aatinatad paranatar unoartaintiaa (In paranthaaaa in Tabla 1). 
CDavla and Snith (13) aatlnata that unoartaintiaa in tha dipola tama of tha 
SHA 23 nodal quotad in Tabla 1 ara aa largo aa 5t of tha g^° tam, i.a., </«0.2 
G. Thay aatlnata that unoartaintiaa in tha quadrupola and octupola tama 
ranga fron 0.2 G to 0.8 G. Sinca thaaa unoartaintiaa ara approxlnataly an 
ordar of nagnituda graatar than thoaa aatinatad fbr tha 0^ and VI nodala we do 
not oonaidar tha SHA 23 nodal.] 

Ih Figura 1 wa oonpora tha tina dapandanoa of tha nagnituda of tha g^^ 

ooaffioiant for both the aarth (17) and Jupitar, aealad auoh that a najor 

divialon raprasanta -r .33s of tha fiald nagnituda. A linaar fit to tha Jovian 
0 

g^ aatinataa ahown in Figura 1 ia 

g^°(t) « 4.218(± .015) - .0023 (± .0050)t (1) 

whara g^^ is givan in gauaa, and t ia tha tina diffaranoa in yaars fron 
1974.9. No aignificant Moular variation of tha nagnituda of tha g^^ tam ia 
fbund. Tha obaarvationa ara oonaiatant with a nodaat aaoular inoraaaa of 
.06S par yaar (at 1 atandard daviation in tha rata) or a daoraaaa of aa much 
as .17S par yaar. For oonpariaon, tha obaarvad aaoular daoraaaa of tha 
nagnituda of tba aarth' a g^^ tam ia about .075S/yaar. Tha daahad linaa in 
Figura 1 oorraapond to a 1 atandard daviation arror in an aatlnata of 
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Qtloulatad using Eq. 1* lllustrstlng ths dstsrloratlon in prsdiotivs 
oapability for apoohs far raaovad froa tha 1977 nadian apooh. 

A ooaparison of tha two raiaining dipola tania and h^^ laads to a 

nagligibla infarrad drift of tha aagnatio dipola axia of 0.025'* (t .22)/yaar 

in longituda. Tha astiaatad unoartainty in tha drift rata is ooaparabla to 

tha uneartaintias in Aipitar's rotation rata (18). Tha inclination of 

Jupitar's dipola axis has dacraasad by an inaignifioant ^ .01*(t .03)/y«»‘> 

Thaaa ooneluaions ara not substantially altarad if an altarnata aodal (16) 

darivad froa tha Pionaar 11 fluxgata aagnatoaatar obsarvations is usad in 

placa of tha 0,^ aodal. Tha uneartaintias quotad hare are largaly tha rasult 

of uneartaintias in tha position of tha dipola axis at epoch 1974.9. Soaa of 

0 12 

tha VI quadrupola and octupola paraeatars (in particular the 82 ' ^2 * ^3 
h^^ taras) dapand on tha datails of tha aodal used to represent the Jovian 
aagnatodiso currants (1.15) and> therefore wa will forego a disoussion of 
higher order taras at this tiaa. 

Tha in situ aagnatic field obsarvations are consistent with no secular 

variation of tha Joviaagnatic dipole field froa 1974.9 to 1979*2. They ara 

also consistent with a aodast aarth-like secular variation in both tha 

0 

aagnituda of tha aain dipola g^ tana and the drift of tha dipole axis in 
longituda. Earlier suggestions of relatively large secular variations in the 
dipola acaant and inclination (10) ara thus not substantiated. Currant 
theoretical astiaatas of Joviaagnatio secular variations based on free 
hydroaagnatic oscillations of tha liquid core (19) range from days to 
centuries. Assuning tha Voyager 1 and 0^ models do not represent a chance 
^raaaant of 2 samples of an aliased time saquance, Joviaagnatio secular 
variations must have a time scale of centuries and not decades. It is also 
clear that tha differences in tha Pionaar 10 and 11 internal field models 
reflects more tha influence of unaodeled currant systems than a real secular 
variation of tha Joviaagnatio field. Estimates of tha size of Jupiter's 
conducting core (20) based on Hide's aathod (21) and tha large secular 
variations infarrad froa tha Pionaar models need to be critically reassessed. 

Finally, the methods usad to obtain an astiaata of the Jovian internal 
field from tha Voyager 1 observations (1) should be equally applicable to 
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flybys plsnnsd for tlis noar futuro with slallarly largo porlapsoa. A siatlar 
dotoraination of Jupitor's Intornal fiolo Crcrn olthor tho Ihtornational Solar 
Palar Hlsalon (to 6 Rj) In 198A or tho Galiloo onoountor 5 Rj) prosontly 
sohodulod far <r 1990 oould in prinoiplo diatinguiah botwoon an oarth-liko and 
no soQular variation of Jupitor's main fiold. 
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JOVUN HAGNETIC FZELO HOOELS 


(1979.2) 


(1974.9) 

VI 

P11 

P11 P11 

17 

0**(GSPC)® 

15 SHA 23® 





(c) 


(2a)® 



1 


4.208 

(.032) 

4.218 

(.030) 

4.068 

4.092 

2 


-.680 

(.004) 

-.664 

(.019) 

-.668 

-.705 

3 


.261 

(.005) 

.264 

(.024) 

.243 

.231 

4 


-.034 

(.028) 

-.203 

(.023) 

-.093 

-.033 

5 

*2 

-.759 

(.030) 

-.735 

(.039) 

-.672 

-.699 

6 

*2* 

.483 

(.018) 

.513 

(.048) 

.502 

.537 

7 

“ a ’ 

-.294 

(.058) 

-. 469 

• (.037) 

-.498 

-.531 

8 


. 107 

(.018) 

.088 

(.037) 

.119 

.074 

9 

‘3“ 

— 

( — ) 

-.233 

(.060) 

-.111 

-.113 

10 

•3’ 

— 

( — ) 

-.076 

(.083) 

-.316 

-.585 

11 

•3“ 

.263 

(.114) 

.168 

(.080) 

.220 

.283 

12 

*3^ 

-.069 

(.054) 

-.231 

(.082) 

-.250 

.067 

13 

“3’ 

— 

( — ) 

-.580 

(.104) 

-.476 

-. 423 

14 

■’3* 

.695 

(.108) 

.487 

(.108) 

.380 

.120 

15 

“3^ 

-.247 

(.054) 

-.294 

(.068) 

-.228 

-.171 
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A. Coonarnay at al. (1962) 

B. loi£a and Naaa (1976): Botatad to 1965 Syataa III 

C. Connarnay (1961) 

D. ^ith at al. (1976): Botatad to 1965 Syataa III 
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FIGUIE CiFTIONS 


Figurt 1. Stoular dtoraiM of tho Earth's aialn dipolo g. torn (loft aoalt) 
eoaparad with astiaataa of jupltar'a aaia dipolo tors (right aoalo) . Ono 
vortioal division roproaonts ^.33f of tho sain dipolo tors in oooh oaso. 
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